Introduction
Joint moments of lower limbs are widely receiving attentions in clinical and rehabilitation research as a quantitative assessment for patient's gait analysis. Characterization of joint moment are thus useful to help the prosthetist or clinician to make a clinical decision [1] .
Measurements of Ground Reaction Force (GRF) and body segment orientations are important in the calculation of joint moments. The main drawback of the existing measurement systems is the restriction to a laboratory environment. In our research, a developed wearable sensor systems [3] can be used conveniently indoor and outdoor for human kinematic and kinetic analysis instead of the traditional systems like optical motion analysis system and force plate.
This paper aimed at introducing a calculation method of joint moment using the wearable sensor systems based on human inverse kinetics.
Materials and Methods
The develpoed wearable sensor systems composed of a shoe-type 6-axial force sensor which measures GRF, and a leg-attached motion sensor combination of gyroscope and a two-axis accelerometer which detect kinematic data of human lower limbs including angles, velocities and accelerations of foot, shank and thigh.
As is shown in Fig. 1 , the wearable sensor sytems includes an data recorder, a gyroscope-accelerometer combination unit, two gyroscope units and a 6-axial force sensor.
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The joint moments are calculated by using the GRF and the kinematic data as input variables based the human inverse kinetics [2] . Joint moments Fig. 2 , is divided into two subsets, one containing the links from 1 to k and the other from n to 1
In here, calculation process of joint moments is also briefly summarized as follows: (1) Constructing a biomechanical model of a moving human body as an ideal multi-rigid-segmental connected at joint; (2) Measuring body segment parameters and computing body segmental moments of inertia about subjects; (3) Measuring kinemaitc-kinetic data using the wearable sensor systems; (4) Building a human walking dynamical coordinates system; (5) Inputting all of above data to a calculating algorithm of joint moments based on the human inverse kinetic equation. For verifying feasibility of the calculation of joint moments using the wearable sensor systems, in our experimental study, the joint moments of ankle, knee and hip joint were calculated using data measured synchronously by the wearable sensor systems and an optical motion analysis system and a force plates. Subject is a young heathy man. The calculation results of joint moments is shown in fig. 3 . Fig. 3 Calculation results of joint moments of ankle, knee and hip in sagittal plane respectively using the wearable sensor systems and the optimal camera system and force plates.
Results and Discussion
The results obtained by using the two systems were compared by means of a statistic error analysis. Root Mean Squared Errors (RSME) of ankle, knee and hip joint moments were approximately 1. The error of joint moment was mainly caused by the error of the GRF measured by the force plates, which accuracy was affected by the wearable sensor systems because the synchronous measurement.
Through the numerical analysis, Correlation Coefficients between the joint moment and the moment of the GRF about ankle, knee and hip joint was approximately 0.99 both using the two systems. The results testify joint moments of human lower limbs during gait is mainly caused by GRF.
